Results

of this fusion reaction to other intracellular fusion reac-
) that exhibited a well-dispersed HSQC spectrum characteristic of a well-folded domain ( Figure 3A) . . These data suggest that This result was confirmed in the context of full-length the H abc domains are generally present in syntaxins and Sed5p (data not shown), suggesting that insertion of a evolutionarily conserved within each syntaxin subfamily small peptide sequence from the respective syntaxins but exhibit specific and defining differences between into Sly1p is both necessary and sufficient for formation subfamilies (e.g., exocytotic versus Golgi syntaxins). of a stable syntaxin/SM protein complex.
Conserved Domain Structure of Sed5p
The Sly1p Figure 7A ). In contrast, transfected their yeast homologs. These conclusions were confirmed by GST pull-downs as an independent method mutant protein used as a control had no effect on the Golgi. Furthermore, we failed to detect changes in the ( Figure 6 ). Again, we observed efficient binding of Sly1 to a short N-terminal sequence of both syntaxins (but morphology of endosomes and ER in the transfected cells as visualized with antibodies to EEA1 and to calnot to the SNARE motif); binding was also impaired by point mutations. Thus, syntaxins 5 and 18, similar to the nexin ( Figure 7A ). These findings suggest that the binding of the N-terminal sequence of syntaxin 5 to Sly1 is yeast syntaxins Sed5p and Ufe1p, bind to mammalian Sly1 via a short N-terminal peptide that includes an evosufficient to disrupt the steady-state structure of the Golgi complex, consistent with inhibiting Golgi fusion lutionarily conserved sequence motif. This conclusion was confirmed by additional deletion mutants, demonreactions. To ensure that this observation does not depend on an unusual property of the transfected mycstrating that the N-terminal 24 residues of syntaxin 5 are sufficient for tight binding (data not shown). A short fusion protein, we repeated the experiment by expressing only the N-terminal 42 residues of syntaxin 5 fused and a long form of syntaxin 5 have been described that differ in their locations with respect to the Golgi complex to EYFP ( Figure 7B ). Again, we used wild-type syntaxin 5 sequences or the point mutant employed above. As ., 1999) . To provide a first step toward resolving this puzzle, we have now systematically tested which yeast and vertebrate SM proteins directly bind to a syntaxin, and we investigated in detail the mechanism by which one particular SM protein, Sly1, binds to syntaxins. Sly1 was examined in depth because it functions in well-studied fusion reactions in the ER and Golgi, because it is the only SM protein that directly binds to two distinct syntaxins (ER Ufe1p/syntaxin 18 and Golgi Sed5p/syntaxin 5), and because its interaction with syntaxins appears to be evolutionarily conserved. As discussed below, these results describe an unexpected mechanism by which an SM protein interacts with a target protein that could potentially provide a wider insight into the functions of SM proteins as a whole.
Using yeast two-hybrid assays to test all yeast and most mammalian syntaxins and SM proteins, we first showed that only a small subset of these proteins directly interact with each other (Figures 1 and 5 We next examined whether the direct interaction of Sly1 with syntaxins follow the paradigm of munc18-1 binding to the closed conformation of syntaxin 1 (Dulubova et al., 1999) . Surprisingly, we found that although Sed5p and syntaxin 5 contain a conserved N-terminal H abc domain similar to syntaxin 1 (Figures 3 and 4) , binding of Sly1 does not involve this domain. Instead, a short N-terminal peptide (Ͻ24 residues) in both the Golgi (Sed5p and syntaxin 5) and the ER syntaxins (Ufe1p and syntaxin 18) was necessary and sufficient for binding Sly1 (Figures 1, 2 , 5, and 6 and data not shown). The Sly1 binding peptide contains an evolutionarily conserved ular mechanism that couples a subset of SM proteins
